Abstract-In this paper, the clamping mechanism of AUV underwater docking device is optimized. The four parameters of the clamping mechanism are designed by orthogonal test. The finite element software ANSYS is used to solve the mass and equivalent stress. And the Kriging model are used to fit the response surface model. Under the premise of satisfying the maximum equivalent stress and the maximum deformation, the minimum mass is obtained by using the multi -island genetic algorithm and the large scale generalized reduced gradient. Finally, the mass of the clamping mechanism is reduced by 35.3%.
INTRODUCTION
Autonomous Underwater Vehicle (AUV) need to be locked after docking at the underwater platform. Otherwise the AUV will shake with respect to the docking platform, caused by the influence of the flow. So the clamping mechanism becomes an important module of the underwater docking platform.
At present, the underwater docking device in the clamping mechanism has the following forms. The Woods Hole Institute of Oceanography and MIT developed the Odyssey IIB AUV rod docking system, which uses the AUV head V-shears to lock the rods of the docking device [1] . In the study of the guide hood docking device, the Woods Hole Institute of Oceanography used a latch-type locking device [2] for the underwater docking device of the REMUS AUV, which required accurate insertion into the AUV locking hole. This makes the operation difficult, the control precision high and the success rate low. Harbin Engineering University has designed an underwater docking platform which uses hydraulic lock locking AUV [3] . The hydraulic lock in the hydraulic oil leakage problem will cause the clamping mechanism becoming loose after locking, and the reliability of the locking cannot be ensured.
In this paper, a new clamping mechanism of underwater docking platform is designed. Experiment and space approximation model are used to optimize the design. The four dimensions of the clamping mechanism are used as design variables, and the equivalent stress, mass and deformation of the model are solved by orthogonal combination test design and ANSYS software. The Kriging model, the quadratic response surface model and the RBF model were used to fit the test data. Finally, the Kriging model with the highest fitting accuracy is used to establish the approximate model. The optimal solution is calculated with the multi-island genetic algorithm and the large scale generalized reduced gradient, getting the optimal parameters of the clamping mechanism.
II. CLAMPING MECHANISM
We design a clamping mechanism for the docking device, used to recycle a rotary AUV with a diameter of 250 mm, and is driven by a stepper motor. The screw slide is used to control the clamping mechanism to lock and release the AUV. When the AUV move into the docking device, its head will hit the trip switch. The docking system will receives the switch signal and control the clamping mechanism to lock AUV. Both the screw slide and stepper motors have a self-locking function that can prevent the AUV from loosening after locking. The use of the clamping mechanism reduces the structure complexity and overall weight of the docking device. The clamping mechanism is fixed on the screw slide. It consists of four circular ring brackets. The inner arc radius of the circular ring clamping device is 125mm. Its main dimensions are shown in Figure 2 . R -the radius of the outer ring of the clamping mechanism; S -the distance between the center of the ring of the clamping mechanism and the horizontal direction of the clamping mechanism; H '-the distance between the two fixing holes; H -the distance between the second fixing hole and the ring; W -the width of the fixed end; T -the thickness of the clamping mechanism.
III. KRIGING MODEL The Kriging model is an unbiased estimation model with the smallest estimated variance. It has the characteristics of global approximation and local random error estimation, and has a good fitting effect on the problem of high nonlinearity. As an effective approximation modeling method, Kriging model has been widely used in engineering optimization design in recent years. Its model can be expressed as [4] :
In the formula, ( ) Y X is an unknown approximation model; i is the weighting coefficient, indicating the degree of contribution of ( )
f X is the known polynomial function; ( ) Z X is a stochastic process with mean zero, variance 2 , covariance not zero.
IV. OPTIMIZATION OF CLAMPING MECHANISM
AUV underwater docking device clamping mechanism optimization process shown in Figure 3 
A. Design Variables and Responses
The optimization model of the clamping device can be described as: 1 2 3 ( , , ,
In the formula, Filter the variables according to the sensitivity of each variable to mass, maximum equivalent stress and maximum variable. In this paper, four structural parameters such as R, H, W and T in the external dimensions of AUV underwater docking platform are taken as design variables.
The optimization of the clamping device requires that the mass is minimized under certain conditions. The maximum equivalent stress and the maximum deformation are the conditions to be considered when the clamping device is operating. In this paper, the object function is about minimum mass of the clamping mechanism, the maximum equivalent stress F and the maximum deformation D are the constraint, as:
F X MPa D X mm B. Design of Experiment
Design of experiment is a very important process in the whole optimization process, and the small part of the design space can be used to reflect the approximate law of the whole space.
Orthogonal experimental design is a multi-factor and multi-level design method. Based on orthogonality, we select some representative points from the comprehensive test. These representative points have a uniform dispersion, neatly comparable characteristics, is a highly efficient, fast and economical design of experiment method. In the optimization of AUV underwater docking device, compared with a variety of design of experiment methods, the use of orthogonal test design will result in higher degree of fitting. Optimization of the clamping mechanism using 4 factor 3 horizontal orthogonal test, which is 16 groups of tests in total. The parametric design and static analysis of the clamping mechanism are carried out by ANSYS, and the calculated values of mass, equivalent stress and deformation are obtained. A pressure of 30 kPa was applied to the inner surface of the holding mechanism, on the hole wall and round hole on both sides of the radius of 8mm to the surface of the fixed. The test data are shown in Table II . The R, W and M in the test data are fitted by MATLAB software, and it is found that there is a multi-extreme value of the response surface of the objective function. 
C. Kriging Model Fitting and Optimization Calculation
Isight is an excellent engineering optimization software that helps designers complete the work from simple component parameter analysis to complex system multidisciplinary design optimization (MDO). Using the Kriging model in iSIGHT software to fit the test data consists of two steps, the first step of the fitting of the relevant parameters, and the second step fitting the Kriging model. Through the fitting of the parameters, the parameters corresponding to each response and each of the design variables are obtained, will be used to fit the Kriging model itself [5] . In this paper, the study of the problem exist multiextreme value , Therefore, the multi-island genetic algorithm and the large scale generalized reduced gradient in iSIGHT are used to solve the mass M, the maximum equivalent stress F and the maximum deformation D. Genetic algorithm can avoid the disadvantage of falling into local minima and large scale generalized reduced gradient to overcome the slow convergence of genetic algorithm. [6] The optimal solution is obtained: R=141.12mm, H=9.57mm, W=26.409mm, T=20.021mm, M=1.1427kg, F=28.463MPa, D=0.42515mm. 
D. Optimization Results and Model Fitting Accuracy Analysis
The maximum equivalent stress and the maximum deformation of the clamping mechanism of the underwater robot docking device are obviously nonlinear, and the Kriging model can be used to obtain the result of high accuracy.
On one hand, the establishment of high-precision approximation model needs a large number of calculation, the appropriate relaxation of the accuracy of the model requirements, as long as the approximate model can reflect the practical problems, to find the optimal solution, in line with engineering practice. On the other hand, the Kriging model uses an exact interpolation method, which cannot be used to analyze the fit of the model. Therefore, only the optimal solution obtained in this paper is validated in this paper. If the optimal solution is not accurate enough, it will be re-fitted to the model as a new sample point [7] .
The structural parameters obtained from the optimization of the Kriging model are introduced into the finite element software ANSYS to calculate the result as shown in table IV. As can be seen from Table IV , the relative error between the predicted value of Kriging model and the calculated value of ANSYS can satisfy the accuracy requirement, Kriging's fitting accuracy is high.
The test data is fitted with the quadratic response surface model(RSM) and radial basis function (RBF)in iSIGHT software, the relative error between the predicted value of mass, maximum equivalent stress and maximum deformation and the calculated value of ANSYS is obtained, as shown in Table V . From Table V, the fitting precision of Kriging model is obviously higher than that of quadratic response surface model and BRF model.
After optimization, the mass of the clamping mechanism of the AUV underwater docking device was reduced from 1.7464 kg to 1.1293 kg, and the mass was reduced by 35.3% under the conditions of maximum equivalent stress and maximum deformation. 
V. CONCLUSION
In this paper, an optimized clamping device for AUV underwater docking is designed. The device is based on is designed. The device Kring model. And it has been verified with pool test.. The Kriging approximation model is constructed by several orthogonal experiments and ANSYS finite element calculation, and the optimal parameters are obtained by using multi -island genetic algorithm and generalized gradient method. The main conclusions are as follows: a. Kriging model obtains a high degree of fit for orthogonal test data. The final optimization results show that the relative error of mass is -1.19%, the relative error of maximum equivalent stress is 0.4%, the relative error of maximum deformation is 5.39%, which can meet the actual requirements of the project.
b. Based on the Kriging model, the structure of the clamping mechanism of the underwater docking device is optimized, and the mass reduction mechanism is reduced by 35.3% under the premise of satisfying the constraint condition, which provides a theoretical method for the structural design and optimization of the mechanism.
